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1 .  Summary of Proqress and Proposed Research 
I- 
* *  
v) 
Earlier reports have indicated the areas of study and the various 
approaches that have been used in an attempt to understand the relationships 
between trace elements and the formation of  spores and their subsequent 
dormancy and germination. The areas of study may be relegated to the 
following categories: a) the manganese sporulation requirement, b) trace 
elements and germination in a highly purified system, c) comparison of  the 
germination of asynchronously grown with synchronously grown spores and 
d) temperature induced sporulation mutants. 
The manganese sporulation requirement (Gruft, H., Buckman, J., and 
Slepecky, R.A., Bact. Proc. 1965:37 (an abstract)) has been covered in the 
1 June 1965 report. It can be stated that a sporeformer needs manganese at 
a proper concentration before growth ceases in order to sporulate. There 
appears to be three levels of manganese required for the morphogenesis: one 
for growth; one for forespore formation; and one for spore formation. The 
third level can be replaced by a m l m  acids suggesting that it is required for  
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a protease; the current hypothesis fo r  the need f o r  the manganese a t  
other times a lso revolves around the ac t i va t i on  o f  pa r t i cu la r  enzymes. These 
previous studies were concerned w i th  various addi t ions o f  manganese t o  
manganese de f i c ien t  c e l l s  a t  various times o f  the growth cycle. A t  present, 
we are t r y i n g  t o  cor re la te  these resul ts  w i t h  data obtained by measuring 
the manganese levels  of the various c e l l  stages using atomic absorption 
w i t h  the pa t te rn  o f  formation o f  various enzymes, many o f  which are 
suspected t o  be manganese activated, dur ing the cycle. 
With regard t o  the phase concerned w i t h  t race elements and germina- 
t ion ,  i t  appears tha t  molar i on i c  e f fects ,  i n  e i ther  a potassium phosphate 
buffered system or a sodium chlor ide unbuffered system, supplemented w i th  
the physiological  germinants, L-alanine and inosine, were so le ly  caused by 
potassium or sodium, and tha t  any extraneous heavy metal o r  a l ka l i ne  ear th  
metal contamination displayed e i ther  i n e r t  or i n h i b i t o r y  a c t i v i t y  i n  the 
germination process. 
confirmed by atomic absorption spectrophotometry. 
resu l t s  fu r ther  since such a f ind ing strengthens the ion ic  germination ideas 
o f  Rode and Foster (Arch. Mikrobiol.  - 43:201 (1962) and Nature *:1300 
(1962)) and may s imp l i f y  fu r ther  studies o f  ion involvement. 
we can ask the question, without being concerned w i t h  other ions, whether 
the sodium and potassium are act ing a t  the surface or in te rna l l y .  
The v a l i d i t y  o f  the p u r i f i c a t i o n  procedures was 
I 
We are checking these 
For example, 
Our recent studies have shown tha t  spores formed i n  a synchronous 
growth system exhib i ted a fas te r  ra te  o f  germination than those grown i n  
an asynchronous system. 
comparing the germination o f  both types of spores a t  various times a f t e r  
We have examined t h i s  phenomenon fu r ther  by 
formation. Asynchronous spores d id  not e x h i b i t  large di f ferences i n  
germinative a b i l i t y ,  and the var iat ions were not consistent. From th is ,  
i t  was concluded tha t  the e f f e c t  o f  age on germinative a b i l i t y  could not 
be observed c l e a r l y  using the asynchronous system. 
reason f o r  the small and inconsistent va r ia t i on  was the heterogeneity of 
ages i n  any sample from an asynchronous system. On the other hand, the 
The most probable 
resi;!ts of the experliiients using synchronous systems appeared t o  be 
i n t r i n s i c a l l y  s im i la r ,  if not  pa ra l l e l .  Synchronously formed sporangia 
germinated most rap id l y  and most completely. As the sporangia became older 
and free spores began t o  be released, germinative a b i l i t y  decreased. 
studies are pre l iminary but are being continued f o r  they may lead t o  more 
These 
knowledge on dormancy and the  breaking o f  t h a t  unusual state. 
Last ly ,  we have been concerned w i t h  temperature induced sporulat ion 
mutants i n  Bac i l lus  s u b t i l i s .  This work was re la ted i n  the 1 January 1966 
repor t  and an abstract  has been published (Northrop, J., and Slepecky, R.A., 
Bact. Proc. 16 (1966)). As indicated i n  the previous repor t  these studies 
not on ly  support the hypothesis o f  cytoplasmic genetic determinants f o r  
sporu lat ion (possibly episomes) previously presented from t h i s  laboratory 
(Rogolsky, M., and Slepecky, R. A., BBRC &:204-208 (1964)) but they are 
germane t o  the problem of dormancy and the e l im ina t ion  o f  spores by high 
temperatures, a problem of much concern t o  NASA i n  i t s  planetary quarantine 
program. We are examining, c r i t i c a l l y ,  whether such treatments may induce 
mutants w i th  increased heat resistance, a heretofore unconsidered p o s s i b i l i t y .  
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